
Diversity)of)Surface)Easterly)Winds)Along)the)Equator)
in)El)Niño)and)La)Niña)Events)During)1997)to)2016

David&Halpern

NASA&Jet&Propulsion&Laboratory,&California&Institute&of&Technology
Pasadena,&California&91109,&USA

and

University&of&California&San&Diego,&Scripps&Institution&of&Oceanography
La&Jolla,&California&92093,&USA

Contents
• Motivation

• El&Niño&and&La&Niña&Events&in&1997&– 2016
• Zonal&Wind&Speeds&in&El)Niño)and&La)Niña)Events&&Along&Equator

! Thermocline&Depth
! Upper&Troposphere&Zonal&Wind

• Summary&

8/28/16, 12:37 PMscripps institution of oceanography logo - Google Search

Page 1 of 2https://www.google.com/?client=safari#q=scripps+institution+of+oceanography+logo

About 521,000 results (0.89 seconds) 

Report imagesImages for scripps institution of oceanography

More images for scripps institution of oceanography

More results from ucsd.edu »

Scripps Oceanography (@Scripps_Ocean) | Twitter
https://twitter.com/Scripps_Ocean

Scripps Institution of Oceanography, UC San Diego |
https://scripps.ucsd.edu/
SCRIPPS INSTITUTION OF OCEANOGRAPHY FACULTY CANDIDATE SEMINAR: ... Scripps
research team finds new function for similar enzyme found in ...

Scripps Institution of Oceanography

Research
Research in ocean, Earth and
atmospheric science at Scripps ...

Master's Programs
Master's Programs. Scripps offers two
flavors of master's degrees ...

About Scripps Oceanography
Current and historical information
about Scripps Institution of ...

Undergraduate Programs
Undergraduate programs at Scripps
Institution of ...

Jobs at Scripps
Open Staff Positions. #83940 Staff
Research Associate ...

Doctoral Programs
Doctoral programs offered by the
Graduate Department of Scripps ...

2 days ago - View on Twitter

Scripps welcomed @RVSallyRide home today as
hundreds came to Scripps Pier to say hello
@ucsd @UofCalifornia
pic.twitter.com/OxG500ox7…

2 days ago - View on Twitter

LIVE on #Periscope: rv Sally Ride Whistlestop
www.periscope.tv/w/ao9qeT…

Scripps Institution of Oceanography - Wikipedia, the free encyclopedia
https://en.wikipedia.org/wiki/Scripps_Institution_of_Oceanography
The Scripps Institution of Oceanography (sometimes referred to as SIO, Scripps Oceanography, or
Scripps) in San Diego, California, founded in 1903, is one of the oldest and largest centers for ocean
and Earth science research, public service, undergraduate and graduate training in the world.

Wikipedia

The Scripps Research Institute
www.scripps.edu/
TSRI Logo. TSRI Home Banner. Directory | Contact | Careers | Intranet | Home ... Alzheimers Research
· Diabetes Research at Scripps · Mental Illness Research.

Scripps Research Institute

Research institution in San Diego, California · La Jolla

The Scripps Institution of Oceanography in San Diego,
California, founded in 1903, is one of the oldest and
largest centers for ocean and Earth science research,
public service, undergraduate and graduate training in the
world. Wikipedia

Located in: University of California San Diego

Address: 8622 Kennel Way, La Jolla, CA 92037

Phone: (858) 534-3624

Founded: 1903

Director: Margaret Leinen

Academic staff: 415

Founders: E. W. Scripps, William Emerson Ritter, Ellen
Browning Scripps

Suggest an edit

Profiles

Notable alumni

Reviews
26 Google reviews

UC San Diego research department founded in 1903,
focusing on ocean, earth & atmospheric sciences.
- Google

"If you want to get a great picture, come here
during sunset & during low tide."

"The aquarium itself is pretty good."

"Great surf out here, best in san diego."

View all Google reviews

See outside

Scripps Institution of
Oceanography

Website Directions

Facebook YouTube Twitter

View 10+ more

Walter
Munk

Marcia
McNutt

Tanya
Atwater

Ancel Keys

Add a photoWrite a review

All Images News Maps Videos Search toolsMore

scripps institution of oceanography logo Sign in

8/28/16, 11:47 AMnasa logo - Google Search

Page 1 of 2https://www.google.com/?client=safari#q=nasa+logo

About 249,000,000 results (0.56 seconds) 

Report imagesImages for nasa

More images for nasa

NASA insignia - Wikipedia, the free encyclopedia
https://en.wikipedia.org/wiki/NASA_insignia
In the NASA insignia design, the sphere represents a planet, the stars represent space, the red
chevron, in the alternate shape of the constellation Andromeda, is a wing representing aeronautics (the
latest design in hypersonic wings at the time the logo was developed), and then there is the orbiting
spacecraft going ...

Wikipedia

NASA - Symbols of NASA
www.nasa.gov/audience/forstudents/5-8/features/symbols-of-nasa.html
by J Wall - ​2008
Jul 8, 2008 - The stars represent space. The red v-shaped vector represents aeronautics. The circular
orbit around the agency's name represents space travel. After it was introduced, the "meatball" was the
most common symbol of NASA for 16 years, but in 1975 NASA decided to create a more "modern"
logo.

NASA

NASA logo evolution: meatball vs worm | Logo Design Love
www.logodesignlove.com/nasa-logo
Aug 3, 2011 - NASA's original logo dates back to 1959 when the National Advisory Committee on
Aeronautics (NACA) changed into an agency that would ...

NASA's Logo From The '70s Was Ridiculously Cool | WIRED
https://www.wired.com/2015/08/nasas-logo-70s-ridiculously-cool/
In 1974, the new york studio of Danne & Blackburn took on a massive client. The National Aeronautics
and Space Administration (you might know it as NASA) ...

Wired

NASA's Logo Redesigned To Be Truly Out Of This World | Co.Design ...
https://www.fastcodesign.com/.../nasas-logo-redesigned-to-be-truly-out-of-this-world
In 2010, a design studio proposed a fresh new logo to NASA. NASA passed, and we still wonder why.

'The Meatball' vs. 'The Worm': Why NASA's Logos Are so Clunky - The ...
www.theatlantic.com/entertainment/archive/2015/09/...nasa/403171/ The Atlantic

All Images Shopping News Videos Search toolsMore

nasa logo Sign in

©"2018"California"Institute"of"Technology.""Government"sponsorship"acknowledged.



Motivation:)Interaction)of)Atmosphere)and)Ocean)in)NPOCE

Hu#et##al.#(2014)#NPOCE#Science#/#Implementation#Plan

SST)~)31°C
Low)Atmosphere)Pressure

SST)~)24°C
High)Atmosphere))Pressure



5/29/14 2:16 PMwalker.jpg 709×472 pixels

Page 1 of 1http://biophysics.sbg.ac.at/atmo/el-scans/walker.jpg

http://biophysics.sbg.ac.at/atmo/el2scans/walker.jpg

Global&Walker&Circulation&and&Sea&Surface&Temperature

Atlantic(((((((((((((((((((((((Indian((((((((((((((((((((((((((((((((((((((((((((((Pacific



5/16/16, 6:16 PMClimate Prediction Center - Monitoring & Data: ENSO Impacts on the U.S. - Previous Events

Page 2 of 3http://www.cpc.ncep.noaa.gov/products/analysis_monitoring/ensostuff/ensoyears.shtml

1961 0 0 -0.1 0 0.1 0.2 0.1 -0.1 -0.3 -0.3 -0.2 -0.2
1962 -0.2 -0.2 -0.2 -0.3 -0.3 -0.2 -0.1 -0.2 -0.2 -0.3 -0.3 -0.4
1963 -0.4 -0.2 0.1 0.2 0.2 0.4 0.7 1.0 1.1 1.2 1.2 1.1
1964 1.0 0.6 0.1 -0.3 -0.6 -0.6 -0.7 -0.7 -0.8 -0.8 -0.8 -0.8
1965 -0.5 -0.3 -0.1 0.1 0.4 0.7 1.0 1.3 1.6 1.7 1.8 1.5
1966 1.3 1.0 0.9 0.6 0.3 0.2 0.2 0.1 0 -0.1 -0.1 -0.3
1967 -0.4 -0.5 -0.5 -0.5 -0.2 0 0 -0.2 -0.3 -0.4 -0.4 -0.5
1968 -0.7 -0.8 -0.7 -0.5 -0.1 0.2 0.5 0.4 0.3 0.4 0.6 0.8
1969 0.9 1.0 0.9 0.7 0.6 0.5 0.4 0.5 0.8 0.8 0.8 0.7
1970 0.6 0.4 0.4 0.3 0.1 -0.3 -0.6 -0.8 -0.8 -0.8 -0.9 -1.2
1971 -1.3 -1.3 -1.1 -0.9 -0.8 -0.7 -0.8 -0.7 -0.8 -0.8 -0.9 -0.8
1972 -0.7 -0.4 0 0.3 0.6 0.8 1.1 1.3 1.5 1.8 2.0 1.9
1973 1.7 1.2 0.6 0 -0.4 -0.8 -1.0 -1.2 -1.4 -1.7 -1.9 -1.9
1974 -1.7 -1.5 -1.2 -1.0 -0.9 -0.8 -0.6 -0.4 -0.4 -0.6 -0.7 -0.6
1975 -0.5 -0.5 -0.6 -0.6 -0.7 -0.8 -1.0 -1.1 -1.3 -1.4 -1.5 -1.6
1976 -1.5 -1.1 -0.7 -0.4 -0.3 -0.1 0.1 0.3 0.5 0.7 0.8 0.8
1977 0.7 0.6 0.4 0.3 0.3 0.4 0.4 0.4 0.5 0.6 0.8 0.8
1978 0.7 0.4 0.1 -0.2 -0.3 -0.3 -0.4 -0.4 -0.4 -0.3 -0.1 0
1979 0 0.1 0.2 0.3 0.3 0.1 0.1 0.2 0.3 0.5 0.5 0.6
1980 0.6 0.5 0.3 0.4 0.5 0.5 0.3 0.2 0 0.1 0.1 0
1981 -0.2 -0.4 -0.4 -0.3 -0.2 -0.3 -0.3 -0.3 -0.2 -0.1 -0.1 0
1982 0 0.1 0.2 0.5 0.6 0.7 0.8 1.0 1.5 1.9 2.1 2.1
1983 2.1 1.8 1.5 1.2 1.0 0.7 0.3 0 -0.3 -0.6 -0.8 -0.8
1984 -0.5 -0.3 -0.3 -0.4 -0.4 -0.4 -0.3 -0.2 -0.3 -0.6 -0.9 -1.1
1985 -0.9 -0.7 -0.7 -0.7 -0.7 -0.6 -0.4 -0.4 -0.4 -0.3 -0.2 -0.3
1986 -0.4 -0.4 -0.3 -0.2 -0.1 0 0.2 0.4 0.7 0.9 1.0 1.1
1987 1.1 1.2 1.1 1.0 0.9 1.1 1.4 1.6 1.6 1.4 1.2 1.1
1988 0.8 0.5 0.1 -0.3 -0.8 -1.2 -1.2 -1.1 -1.2 -1.4 -1.7 -1.8
1989 -1.6 -1.4 -1.1 -0.9 -0.6 -0.4 -0.3 -0.3 -0.3 -0.3 -0.2 -0.1
1990 0.1 0.2 0.2 0.2 0.2 0.3 0.3 0.3 0.4 0.3 0.4 0.4
1991 0.4 0.3 0.2 0.2 0.4 0.6 0.7 0.7 0.7 0.8 1.2 1.4
1992 1.6 1.5 1.4 1.2 1.0 0.8 0.5 0.2 0 -0.1 -0.1 0
1993 0.2 0.3 0.5 0.7 0.8 0.6 0.3 0.2 0.2 0.2 0.1 0.1
1994 0.1 0.1 0.2 0.3 0.4 0.4 0.4 0.4 0.4 0.6 0.9 1.0
1995 0.9 0.7 0.5 0.3 0.2 0 -0.2 -0.5 -0.7 -0.9 -1.0 -0.9
1996 -0.9 -0.7 -0.6 -0.4 -0.2 -0.2 -0.2 -0.3 -0.3 -0.4 -0.4 -0.5
1997 -0.5 -0.4 -0.2 0.1 0.6 1.0 1.4 1.7 2.0 2.2 2.3 2.3
1998 2.1 1.8 1.4 1.0 0.5 -0.1 -0.7 -1.0 -1.2 -1.2 -1.3 -1.4
1999 -1.4 -1.2 -1.0 -0.9 -0.9 -1.0 -1.0 -1.0 -1.1 -1.2 -1.4 -1.6
2000 -1.6 -1.4 -1.1 -0.9 -0.7 -0.7 -0.6 -0.5 -0.6 -0.7 -0.8 -0.8
2001 -0.7 -0.6 -0.5 -0.3 -0.2 -0.1 0 -0.1 -0.1 -0.2 -0.3 -0.3
2002 -0.2 -0.1 0.1 0.2 0.4 0.7 0.8 0.9 1.0 1.2 1.3 1.1
2003 0.9 0.6 0.4 0 -0.2 -0.1 0.1 0.2 0.3 0.4 0.4 0.4
2004 0.3 0.2 0.1 0.1 0.2 0.3 0.5 0.7 0.7 0.7 0.7 0.7
2005 0.6 0.6 0.5 0.5 0.4 0.2 0.1 0 0 -0.1 -0.4 -0.7
2006 -0.7 -0.6 -0.4 -0.2 0.0 0.1 0.2 0.3 0.5 0.8 0.9 1.0
2007 0.7 0.3 0 -0.1 -0.2 -0.2 -0.3 -0.6 -0.8 -1.1 -1.2 -1.3
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2008 -1.4 -1.3 -1.1 -0.9 -0.7 -0.5 -0.3 -0.2 -0.2 -0.3 -0.5 -0.7
2009 -0.8 -0.7 -0.4 -0.1 0.2 0.4 0.5 0.6 0.7 1.0 1.2 1.3
2010 1.3 1.1 0.8 0.5 0 -0.4 -0.8 -1.1 -1.3 -1.4 -1.3 -1.4
2011 -1.3 -1.1 -0.8 -0.6 -0.3 -0.2 -0.3 -0.5 -0.7 -0.9 -0.9 -0.8
2012 -0.7 -0.6 -0.5 -0.4 -0.3 -0.1 0.1 0.3 0.4 0.4 0.2 -0.2
2013 -0.4 -0.5 -0.3 -0.2 -0.2 -0.2 -0.2 -0.2 -0.2 -0.2 -0.2 -0.3
2014 -0.5 -0.6 -0.4 -0.2 0 0 0 0 0.2 0.4 0.6 0.6
2015 0.5 0.4 0.5 0.7 0.9 1.0 1.2 1.5 1.8 2.1 2.2 2.3
2016 2.2 1.9 1.6
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HOME > Climate & Weather Linkage > El Niño / Southern Oscillation (ENSO) > Historical El Nino/ La Nina
episodes (1950-present)

 
 

 

Link to Previous Version of ONI (ERSST.v3b)
 

Notice: Because of the high frequency filter applied to the ERSSTv4 data
(Huang et al. 2015, J.Climate), ONI values may change up to two months after
the initial "real time" value is posted. Therefore, the most recent ONI values
should be considered an estimate.

DESCRIPTION: Warm (red) and cold (blue) periods based on a threshold of +/-
0.5oC for the Oceanic Niño Index (ONI) [3 month running mean of ERSST.v4
SST anomalies in the Niño 3.4 region (5oN-5oS, 120o-170oW)], based on
centered 30-year base periods updated every 5 years.

For historical purposes, periods of below and above normal SSTs are colored in
blue and red when the threshold is met for a minimum of 5 consecutive
overlapping seasons. The ONI is one measure of the El Niño-Southern
Oscillation, and other indices can confirm whether features consistent with a
coupled ocean-atmosphere phenomenon accompanied these periods.
 

-->
Year DJF JFM FMA MAM AMJ MJJ JJA JAS ASO SON OND NDJ
1950 -1.4 -1.2 -1.1 -1.2 -1.1 -0.9 -0.6 -0.6 -0.5 -0.6 -0.7 -0.8
1951 -0.8 -0.6 -0.2 0.2 0.2 0.4 0.5 0.7 0.8 0.9 0.7 0.6
1952 0.5 0.4 0.4 0.4 0.4 0.2 0 0.1 0.2 0.2 0.2 0.3
1953 0.5 0.6 0.7 0.7 0.7 0.7 0.7 0.7 0.8 0.8 0.8 0.7
1954 0.7 0.4 0 -0.4 -0.5 -0.5 -0.5 -0.7 -0.7 -0.6 -0.5 -0.5
1955 -0.6 -0.6 -0.7 -0.7 -0.7 -0.6 -0.6 -0.6 -1.0 -1.4 -1.6 -1.4
1956 -0.9 -0.6 -0.6 -0.5 -0.5 -0.4 -0.5 -0.5 -0.4 -0.4 -0.5 -0.4
1957 -0.3 0 0.3 0.6 0.7 0.9 1.0 1.2 1.1 1.2 1.3 1.6
1958 1.7 1.5 1.2 0.8 0.7 0.6 0.5 0.4 0.4 0.5 0.6 0.6
1959 0.6 0.5 0.4 0.2 0.1 -0.2 -0.3 -0.3 -0.1 -0.1 -0.1 -0.1
1960 -0.1 -0.2 -0.1 0 -0.1 -0.2 0 0.1 0.2 0.1 0 0

2
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1961 0 0 -0.1 0 0.1 0.2 0.1 -0.1 -0.3 -0.3 -0.2 -0.2
1962 -0.2 -0.2 -0.2 -0.3 -0.3 -0.2 -0.1 -0.2 -0.2 -0.3 -0.3 -0.4
1963 -0.4 -0.2 0.1 0.2 0.2 0.4 0.7 1.0 1.1 1.2 1.2 1.1
1964 1.0 0.6 0.1 -0.3 -0.6 -0.6 -0.7 -0.7 -0.8 -0.8 -0.8 -0.8
1965 -0.5 -0.3 -0.1 0.1 0.4 0.7 1.0 1.3 1.6 1.7 1.8 1.5
1966 1.3 1.0 0.9 0.6 0.3 0.2 0.2 0.1 0 -0.1 -0.1 -0.3
1967 -0.4 -0.5 -0.5 -0.5 -0.2 0 0 -0.2 -0.3 -0.4 -0.4 -0.5
1968 -0.7 -0.8 -0.7 -0.5 -0.1 0.2 0.5 0.4 0.3 0.4 0.6 0.8
1969 0.9 1.0 0.9 0.7 0.6 0.5 0.4 0.5 0.8 0.8 0.8 0.7
1970 0.6 0.4 0.4 0.3 0.1 -0.3 -0.6 -0.8 -0.8 -0.8 -0.9 -1.2
1971 -1.3 -1.3 -1.1 -0.9 -0.8 -0.7 -0.8 -0.7 -0.8 -0.8 -0.9 -0.8
1972 -0.7 -0.4 0 0.3 0.6 0.8 1.1 1.3 1.5 1.8 2.0 1.9
1973 1.7 1.2 0.6 0 -0.4 -0.8 -1.0 -1.2 -1.4 -1.7 -1.9 -1.9
1974 -1.7 -1.5 -1.2 -1.0 -0.9 -0.8 -0.6 -0.4 -0.4 -0.6 -0.7 -0.6
1975 -0.5 -0.5 -0.6 -0.6 -0.7 -0.8 -1.0 -1.1 -1.3 -1.4 -1.5 -1.6
1976 -1.5 -1.1 -0.7 -0.4 -0.3 -0.1 0.1 0.3 0.5 0.7 0.8 0.8
1977 0.7 0.6 0.4 0.3 0.3 0.4 0.4 0.4 0.5 0.6 0.8 0.8
1978 0.7 0.4 0.1 -0.2 -0.3 -0.3 -0.4 -0.4 -0.4 -0.3 -0.1 0
1979 0 0.1 0.2 0.3 0.3 0.1 0.1 0.2 0.3 0.5 0.5 0.6
1980 0.6 0.5 0.3 0.4 0.5 0.5 0.3 0.2 0 0.1 0.1 0
1981 -0.2 -0.4 -0.4 -0.3 -0.2 -0.3 -0.3 -0.3 -0.2 -0.1 -0.1 0
1982 0 0.1 0.2 0.5 0.6 0.7 0.8 1.0 1.5 1.9 2.1 2.1
1983 2.1 1.8 1.5 1.2 1.0 0.7 0.3 0 -0.3 -0.6 -0.8 -0.8
1984 -0.5 -0.3 -0.3 -0.4 -0.4 -0.4 -0.3 -0.2 -0.3 -0.6 -0.9 -1.1
1985 -0.9 -0.7 -0.7 -0.7 -0.7 -0.6 -0.4 -0.4 -0.4 -0.3 -0.2 -0.3
1986 -0.4 -0.4 -0.3 -0.2 -0.1 0 0.2 0.4 0.7 0.9 1.0 1.1
1987 1.1 1.2 1.1 1.0 0.9 1.1 1.4 1.6 1.6 1.4 1.2 1.1
1988 0.8 0.5 0.1 -0.3 -0.8 -1.2 -1.2 -1.1 -1.2 -1.4 -1.7 -1.8
1989 -1.6 -1.4 -1.1 -0.9 -0.6 -0.4 -0.3 -0.3 -0.3 -0.3 -0.2 -0.1
1990 0.1 0.2 0.2 0.2 0.2 0.3 0.3 0.3 0.4 0.3 0.4 0.4
1991 0.4 0.3 0.2 0.2 0.4 0.6 0.7 0.7 0.7 0.8 1.2 1.4
1992 1.6 1.5 1.4 1.2 1.0 0.8 0.5 0.2 0 -0.1 -0.1 0
1993 0.2 0.3 0.5 0.7 0.8 0.6 0.3 0.2 0.2 0.2 0.1 0.1
1994 0.1 0.1 0.2 0.3 0.4 0.4 0.4 0.4 0.4 0.6 0.9 1.0
1995 0.9 0.7 0.5 0.3 0.2 0 -0.2 -0.5 -0.7 -0.9 -1.0 -0.9
1996 -0.9 -0.7 -0.6 -0.4 -0.2 -0.2 -0.2 -0.3 -0.3 -0.4 -0.4 -0.5
1997 -0.5 -0.4 -0.2 0.1 0.6 1.0 1.4 1.7 2.0 2.2 2.3 2.3
1998 2.1 1.8 1.4 1.0 0.5 -0.1 -0.7 -1.0 -1.2 -1.2 -1.3 -1.4
1999 -1.4 -1.2 -1.0 -0.9 -0.9 -1.0 -1.0 -1.0 -1.1 -1.2 -1.4 -1.6
2000 -1.6 -1.4 -1.1 -0.9 -0.7 -0.7 -0.6 -0.5 -0.6 -0.7 -0.8 -0.8
2001 -0.7 -0.6 -0.5 -0.3 -0.2 -0.1 0 -0.1 -0.1 -0.2 -0.3 -0.3
2002 -0.2 -0.1 0.1 0.2 0.4 0.7 0.8 0.9 1.0 1.2 1.3 1.1
2003 0.9 0.6 0.4 0 -0.2 -0.1 0.1 0.2 0.3 0.4 0.4 0.4
2004 0.3 0.2 0.1 0.1 0.2 0.3 0.5 0.7 0.7 0.7 0.7 0.7
2005 0.6 0.6 0.5 0.5 0.4 0.2 0.1 0 0 -0.1 -0.4 -0.7
2006 -0.7 -0.6 -0.4 -0.2 0.0 0.1 0.2 0.3 0.5 0.8 0.9 1.0
2007 0.7 0.3 0 -0.1 -0.2 -0.2 -0.3 -0.6 -0.8 -1.1 -1.2 -1.3
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2008 -1.4 -1.3 -1.1 -0.9 -0.7 -0.5 -0.3 -0.2 -0.2 -0.3 -0.5 -0.7
2009 -0.8 -0.7 -0.4 -0.1 0.2 0.4 0.5 0.6 0.7 1.0 1.2 1.3
2010 1.3 1.1 0.8 0.5 0 -0.4 -0.8 -1.1 -1.3 -1.4 -1.3 -1.4
2011 -1.3 -1.1 -0.8 -0.6 -0.3 -0.2 -0.3 -0.5 -0.7 -0.9 -0.9 -0.8
2012 -0.7 -0.6 -0.5 -0.4 -0.3 -0.1 0.1 0.3 0.4 0.4 0.2 -0.2
2013 -0.4 -0.5 -0.3 -0.2 -0.2 -0.2 -0.2 -0.2 -0.2 -0.2 -0.2 -0.3
2014 -0.5 -0.6 -0.4 -0.2 0 0 0 0 0.2 0.4 0.6 0.6
2015 0.5 0.4 0.5 0.7 0.9 1.0 1.2 1.5 1.8 2.1 2.2 2.3
2016 2.2 1.9 1.6
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Link to Previous Version of ONI (ERSST.v3b)
 

Notice: Because of the high frequency filter applied to the ERSSTv4 data
(Huang et al. 2015, J.Climate), ONI values may change up to two months after
the initial "real time" value is posted. Therefore, the most recent ONI values
should be considered an estimate.

DESCRIPTION: Warm (red) and cold (blue) periods based on a threshold of +/-
0.5oC for the Oceanic Niño Index (ONI) [3 month running mean of ERSST.v4
SST anomalies in the Niño 3.4 region (5oN-5oS, 120o-170oW)], based on
centered 30-year base periods updated every 5 years.

For historical purposes, periods of below and above normal SSTs are colored in
blue and red when the threshold is met for a minimum of 5 consecutive
overlapping seasons. The ONI is one measure of the El Niño-Southern
Oscillation, and other indices can confirm whether features consistent with a
coupled ocean-atmosphere phenomenon accompanied these periods.
 

-->
Year DJF JFM FMA MAM AMJ MJJ JJA JAS ASO SON OND NDJ
1950 -1.4 -1.2 -1.1 -1.2 -1.1 -0.9 -0.6 -0.6 -0.5 -0.6 -0.7 -0.8
1951 -0.8 -0.6 -0.2 0.2 0.2 0.4 0.5 0.7 0.8 0.9 0.7 0.6
1952 0.5 0.4 0.4 0.4 0.4 0.2 0 0.1 0.2 0.2 0.2 0.3
1953 0.5 0.6 0.7 0.7 0.7 0.7 0.7 0.7 0.8 0.8 0.8 0.7
1954 0.7 0.4 0 -0.4 -0.5 -0.5 -0.5 -0.7 -0.7 -0.6 -0.5 -0.5
1955 -0.6 -0.6 -0.7 -0.7 -0.7 -0.6 -0.6 -0.6 -1.0 -1.4 -1.6 -1.4
1956 -0.9 -0.6 -0.6 -0.5 -0.5 -0.4 -0.5 -0.5 -0.4 -0.4 -0.5 -0.4
1957 -0.3 0 0.3 0.6 0.7 0.9 1.0 1.2 1.1 1.2 1.3 1.6
1958 1.7 1.5 1.2 0.8 0.7 0.6 0.5 0.4 0.4 0.5 0.6 0.6
1959 0.6 0.5 0.4 0.2 0.1 -0.2 -0.3 -0.3 -0.1 -0.1 -0.1 -0.1
1960 -0.1 -0.2 -0.1 0 -0.1 -0.2 0 0.1 0.2 0.1 0 0

http://www.cpc.ncep.noaa.gov/products/analysis_monitoring/ensostuff/ensoyears.shtml
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2008 -1.4 -1.3 -1.1 -0.9 -0.7 -0.5 -0.3 -0.2 -0.2 -0.3 -0.5 -0.7
2009 -0.8 -0.7 -0.4 -0.1 0.2 0.4 0.5 0.6 0.7 1.0 1.2 1.3
2010 1.3 1.1 0.8 0.5 0 -0.4 -0.8 -1.1 -1.3 -1.4 -1.3 -1.4
2011 -1.3 -1.1 -0.8 -0.6 -0.3 -0.2 -0.3 -0.5 -0.7 -0.9 -0.9 -0.8
2012 -0.7 -0.6 -0.5 -0.4 -0.3 -0.1 0.1 0.3 0.4 0.4 0.2 -0.2
2013 -0.4 -0.5 -0.3 -0.2 -0.2 -0.2 -0.2 -0.2 -0.2 -0.2 -0.2 -0.3
2014 -0.5 -0.6 -0.4 -0.2 0 0 0 0 0.2 0.4 0.6 0.6
2015 0.5 0.4 0.5 0.7 0.9 1.0 1.2 1.5 1.8 2.1 2.2 2.3
2016 2.2 1.9 1.5 1.1 0.6 0.2
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1960 -0.1 -0.2 -0.1 0 -0.1 -0.2 0 0.1 0.2 0.1 0 0
1961 0 0 -0.1 0 0.1 0.2 0.1 -0.1 -0.3 -0.3 -0.2 -0.2
1962 -0.2 -0.2 -0.2 -0.3 -0.3 -0.2 -0.1 -0.2 -0.2 -0.3 -0.3 -0.4
1963 -0.4 -0.2 0.1 0.2 0.2 0.4 0.7 1.0 1.1 1.2 1.2 1.1
1964 1.0 0.6 0.1 -0.3 -0.6 -0.6 -0.7 -0.7 -0.8 -0.8 -0.8 -0.8
1965 -0.5 -0.3 -0.1 0.1 0.4 0.7 1.0 1.3 1.6 1.7 1.8 1.5
1966 1.3 1.0 0.9 0.6 0.3 0.2 0.2 0.1 0 -0.1 -0.1 -0.3
1967 -0.4 -0.5 -0.5 -0.5 -0.2 0 0 -0.2 -0.3 -0.4 -0.4 -0.5
1968 -0.7 -0.8 -0.7 -0.5 -0.1 0.2 0.5 0.4 0.3 0.4 0.6 0.8
1969 0.9 1.0 0.9 0.7 0.6 0.5 0.4 0.5 0.8 0.8 0.8 0.7
Year DJF JFM FMA MAM AMJ MJJ JJA JAS ASO SON OND NDJ
1970 0.6 0.4 0.4 0.3 0.1 -0.3 -0.6 -0.8 -0.8 -0.8 -0.9 -1.2
1971 -1.3 -1.3 -1.1 -0.9 -0.8 -0.7 -0.8 -0.7 -0.8 -0.8 -0.9 -0.8
1972 -0.7 -0.4 0 0.3 0.6 0.8 1.1 1.3 1.5 1.8 2.0 1.9
1973 1.7 1.2 0.6 0 -0.4 -0.8 -1.0 -1.2 -1.4 -1.7 -1.9 -1.9
1974 -1.7 -1.5 -1.2 -1.0 -0.9 -0.8 -0.6 -0.4 -0.4 -0.6 -0.7 -0.6
1975 -0.5 -0.5 -0.6 -0.6 -0.7 -0.8 -1.0 -1.1 -1.3 -1.4 -1.5 -1.6
1976 -1.5 -1.1 -0.7 -0.4 -0.3 -0.1 0.1 0.3 0.5 0.7 0.8 0.8
1977 0.7 0.6 0.4 0.3 0.3 0.4 0.4 0.4 0.5 0.6 0.8 0.8
1978 0.7 0.4 0.1 -0.2 -0.3 -0.3 -0.4 -0.4 -0.4 -0.3 -0.1 0
1979 0 0.1 0.2 0.3 0.3 0.1 0.1 0.2 0.3 0.5 0.5 0.6
Year DJF JFM FMA MAM AMJ MJJ JJA JAS ASO SON OND NDJ
1980 0.6 0.5 0.3 0.4 0.5 0.5 0.3 0.2 0 0.1 0.1 0
1981 -0.2 -0.4 -0.4 -0.3 -0.2 -0.3 -0.3 -0.3 -0.2 -0.1 -0.1 0
1982 0 0.1 0.2 0.5 0.6 0.7 0.8 1.0 1.5 1.9 2.1 2.1
1983 2.1 1.8 1.5 1.2 1.0 0.7 0.3 0 -0.3 -0.6 -0.8 -0.8
1984 -0.5 -0.3 -0.3 -0.4 -0.4 -0.4 -0.3 -0.2 -0.3 -0.6 -0.9 -1.1
1985 -0.9 -0.7 -0.7 -0.7 -0.7 -0.6 -0.4 -0.4 -0.4 -0.3 -0.2 -0.3
1986 -0.4 -0.4 -0.3 -0.2 -0.1 0 0.2 0.4 0.7 0.9 1.0 1.1
1987 1.1 1.2 1.1 1.0 0.9 1.1 1.4 1.6 1.6 1.4 1.2 1.1
1988 0.8 0.5 0.1 -0.3 -0.8 -1.2 -1.2 -1.1 -1.2 -1.4 -1.7 -1.8
1989 -1.6 -1.4 -1.1 -0.9 -0.6 -0.4 -0.3 -0.3 -0.3 -0.3 -0.2 -0.1
Year DJF JFM FMA MAM AMJ MJJ JJA JAS ASO SON OND NDJ
1990 0.1 0.2 0.2 0.2 0.2 0.3 0.3 0.3 0.4 0.3 0.4 0.4
1991 0.4 0.3 0.2 0.2 0.4 0.6 0.7 0.7 0.7 0.8 1.2 1.4
1992 1.6 1.5 1.4 1.2 1.0 0.8 0.5 0.2 0 -0.1 -0.1 0
1993 0.2 0.3 0.5 0.7 0.8 0.6 0.3 0.2 0.2 0.2 0.1 0.1
1994 0.1 0.1 0.2 0.3 0.4 0.4 0.4 0.4 0.4 0.6 0.9 1.0
1995 0.9 0.7 0.5 0.3 0.2 0 -0.2 -0.5 -0.7 -0.9 -1.0 -0.9
1996 -0.9 -0.7 -0.6 -0.4 -0.2 -0.2 -0.2 -0.3 -0.3 -0.4 -0.4 -0.5
1997 -0.5 -0.4 -0.2 0.1 0.6 1.0 1.4 1.7 2.0 2.2 2.3 2.3
1998 2.1 1.8 1.4 1.0 0.5 -0.1 -0.7 -1.0 -1.2 -1.2 -1.3 -1.4
1999 -1.4 -1.2 -1.0 -0.9 -0.9 -1.0 -1.0 -1.0 -1.1 -1.2 -1.4 -1.6
Year DJF JFM FMA MAM AMJ MJJ JJA JAS ASO SON OND NDJ
2000 -1.6 -1.4 -1.1 -0.9 -0.7 -0.7 -0.6 -0.5 -0.6 -0.7 -0.8 -0.8
2001 -0.7 -0.5 -0.4 -0.3 -0.2 -0.1 -0.1 -0.1 -0.2 -0.3 -0.4 -0.3
2002 -0.2 0.0 0.1 0.2 0.4 0.6 0.8 0.8 0.9 1.1 1.2 1.1
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Was%the%collapse%of%prevailing%westward%wind%(=%eastward%wind)%along%
Pacific%equator%more%intense%in%super%El%Niño events%of%May%1997%–
May%1998%and%Mar%2015%– Jun%2016 compared%to%the%usual%event?
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SUMMARY%%%%%%%%%%%%%%%%%
• Easterly%wind%collapsed%in%all%El%Niño%events%from%
1997%to%2016,%with%largest%magnitude%during%
initial%portion%of%super%El%Niño events.

• Largest%collapse%occurred%in%97Q98%El%Niño%event.
• In%super%El%Niño%events,%collapse%extended%east%
of%dateline%to%165°W.

• In%central%Pacific%(150°WQ120°W),%westward%wind%
strengths%in%El%Niño%events%were%weakest%in%97Q
98,%then%in%15Q16,%and%then%in%usual%occurrence.

• In%Atlantic,%no%evidence%of%El%Niño%or%La%Niña.
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Motivation

• Was'the'collapse'of'the'prevailing'westward'wind'speed'along'the'Pacific'
equator'more'intense'in'super'El'Niño events'of'May&1997&– May&1998&
and'Mar&2015&– Jun&2016 compared'to'the'average'usual'event?

• Was'the'collapse'the'same'in'both'super'El'Niño events?'''

El'Niño'1,'Jun'2002'– Feb'2003'(9'mo)''Q
El'Niño'2,'Jul'2004'– Apr'2005'(10'mo)''Q
El'Niño'3,'Sep'2006'– Jan'2007'(5'mo)''Q
El'Niño'4,'Jul'2009'– Apr'2010'(10'mo)''A

La'Niña'1,'Jul'1998'– Mar'2001'(32'mo)''E+Q
La'Niña'2,'Aug'2007'– Jun'2008'(11'mo)'''Q
La'Niña'3,'Jul'2010'– Apr'2011'(10'mo)'''''A
La'Niña'4,'Aug'2011'– Mar'2012'(9'mo)'''''A

Collapse'of'westward'(or'easterly)'wind'in'“usual”'El'Niño compared'to'La'Niña
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• Similarity)of)each)El)Niño)event)in)Pacific)and)Atlantic
• Similarity)of)each)La)Niña)event)in)Pacific)and)Atantic
• Zonal)wind)collapse)in)west)Pacific)in)each)El)Niño)event
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 MISSION  

No instrument like MISR has flown in space before. Viewing the sunlit Earth simultaneously at
nine widely spaced angles, MISR provides ongoing global coverage with high spatial detail.
Its imagery is carefully calibrated to provide accurate measures of the brightness, contrast,
and color of reflected sunlight.

MISR provides new types of information for scientists studying Earth's climate, such as the
partitioning of energy and carbon between the land surface and the atmosphere, and the
regional and global impacts of different types of atmospheric particles and clouds on climate.
The change in reflection at different view angles affords the means to distinguish different
types of atmospheric particles (aerosols), cloud forms, and land surface covers. Combined
with stereoscopic techniques, this enables construction of 3-D models and estimation of the
total amount of sunlight reflected by Earth's diverse environments.
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Different*ECTs*for*the*10Tm*height*datasets*could*contribute*a*diurnalTperiod*error*of*0.35*m*sT1.***

Halpern*(1988)
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Westward&wind&speed&west&of&60°E&and&eastward&wind&direction&east&of&60°E
Uwestward"<&Uwestward"in&west&Pacific&by&3 m&s<1

Uwestward"max was&>&35° longitude&to&the&west&of&Uwestward"max"(indicating&an&
eastward&movement&of&surface&limb&of&Walker&Cell&in&El"Niño"compared&to&La"Niña)
Uwestward">&Uwestward"in&east&Pacific&by&1 m&s<1

U is&independent&of&El"Niño"or&La"Niña
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<"Zonal"Wind"Speed">"and"<"Thermocline"Depth>"
in"4"El"Niño"Events"and 4"La"Niña"Events

U

Thermocline"(20°C)"Depth

Indian"""""""""""""""""""""""""""""""""Pacific"""""""""""""""""""""Atlantic

1" 2 3 4

1) Westward+wind+speed+west+of+60°E+and+
eastward+wind+direction+east+of+60°E

2) UEl"Nino <+ULa"Nina in+west+Pacific+by+3+m+s>1
3) UEl"Nino >+ULa"Nina in+east+Pacific+by+1+m+s>1
4) U+is+independent+of+El"Niño"or+La"Niña
5) Stronger+La"Niña"eastward+wind+should+

produce+more+downwelling+&+deeper+
thermocline

6) Weaker+El"Niño"westward+wind+should+
produce+less+downwelling+at+western+
boundary+and+shallower+thermocline

7) Stronger+El"Niño"westward+wind+in+east+
Pacific+[3]+should produce+more+upwelling+
and+shallower+thermocline+compared+to+La"
Niña"– not observed

8) Westward+wind+speed+should+produce+
downwelling+in+west+Atlantic+and+a+deeper+
thermocline+compared+to+east+Atlantic+
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6 7
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Zonal&Wind&Speed&in&199701998&and&201502016&Super&El&Niño&Events

<Jun&1997&– Nov&1997>
<Dec&1997&– May&1998>

Indian&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&Pacific&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&Atlantic

Indian&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&Pacific&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&Atlantic

<Jun&2015&– Nov&2015>
<Dec&2015&– May&2016>

1a

1b

2a

2b

Collapse&of&easterly&
wind&in&west&Pacific
• 1a&– very&large&in&
speed&and&longitude

• 1b&– not&as&large&in&
speed&and&longitude

Longitudinal&shape&of&U
• 2a&– no&bell@shape
• 2b&– small&bell&
shape

Maximum&SSTA
• 2.3°C&in&1997@1998&
(2&months)

• 2.3C&in&2015@2016&
(1&month)



Surface(and(Upper(Troposphere(Zonal(Wind(Speeds

Indian&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&Pacific&&&&&&&&&&&&&&&&&&&&&&Atlantic

U(@(13km(– 15km

U(@(10m

• In&west&Pacific,&weaker&
vertical&shear&in&El(Niño
would&produce&larger&number&
of&tropical&storms&(in&NPOCE&
region).&&In&2015,&27&tropical&
storms,&18&typhoons,&and&9&&
super&typhoons&occurred&in&
west&Pacific.&&[other(years]

• Weakest&vertical&shear&in&west&
Pacific&occurred&in&super&El(
Niño

• Walker&Cell&was&stronger&in&
La(Niña(than&in&El(Niño

<4(Typical(El(Niño(Events>

<4(Typical(La(Niña(Events>

<May(1997(– May(1998>

<Mar(2015(– May(2016>



Summary

• Zonal'Surface'Wind
! In'west'Pacific,'westward'surface'wind'collapsed'in'all'El)Niño)events

o Wind'collapse'was'strongest'in'6;month'onset'phase'of'super'El)Niño)events
o In'super'El)Niño)events,'wind'collapse'extended'to'165°W''

! In'central'and'east'Pacific,'westward'wind'weaker'in'super'El)Niño)compared'to'typical'El)Niño
! In'west'Pacific,'westward'wind'was'3'm's;1 smaller'in'El)Niño)compared'to'La)Niña
! In'east'Pacific,'westward'wind'was'1'm's;1 larger'in'El)Niño)compared'to'La)Niña)[puzzling]
! In'the'Atlantic,'no'evidence'of'El)Niño)and'La)Niña)events

• Thermocline'Depth
! In'west'Pacific,'thermocline'depth'in'El)Niño)consistent'with'downwelling'at'Maritime'Continent
! In'east'Pacific,'thermocline'depth'in'El)Niño)not'consistent'with'Ekman'upwelling'[puzzling]

• Zonal'Surface'and'Upper'Troposphere'Winds
! Pacific'Walker'Circulation'Cell'shifted'east'about'40° longitude'in'El)Niño)compared'to'La)Niña
! Fewer'typhoons'in'west'Pacific'in'El)Niño)compared'to'La)Niña)[to)be)confirmed]



• Use%Numerical%Weather%Prediction%Analyses%(e.g.,%ECMWF%and%CMA%Reanalysis)
! Compare%results%obtained%with%satelliteDderived%surface%and%upper%troposphere%winds
! Use%NWP%data%to%extend%results%to%super%El#Niño#event%of%April%1982%– June%1983

• Analyze%satellite%and%NWP%meridional%and%zonal%wind%components%in%1997%– 2016%
in%NPOCE%domain

THANK#YOU
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Fig. 2. (continued) 

The depths of the maximum eastward speeds at 95øW and 
110øW were about 50-75 m less than at 152øW [Knox and 
Halpern, 1982] and about 100-125 m less than at 170øE 
rHisard and Merle, 1970], illustrating the correspondence be- 
tween the depths of the thermocline and EUC. Bryden and 
Brady [1985] indicated that this combined shoaling of the 
thermocline and EUC toward the east contributes signifi- 
cantly to the formation of the strong zonal gradient of SST. 

Annual Cycle 
Because spectral estimates of the east-west current compo- 

nent and temperature increased rapidly with decreasing fre- 
quency for frequencies less than 0.03 cpd [Halpern, 1986], 
time series of monthly averaged values of the zonal current 
and temperature would be relatively free of aliased high- 
frequency variance. The occurrence of prominent 20-day me- 
ridional current oscillations contaminated monthly mean esti- 
mates of the north-south velocity component, because spectral 
estimates decreased at frequencies less than 0.03 cpd [Halpern, 
1986]. 

The annual cycles of the u component and temperature 
were most distinct near the surface, and the amplitudes de- 
creased rapidly with depth (Figure 5). Large vertical coherence 
is visible in Figure 5. Monthly mean estimates of the v compo- 

nent were usually less than 0.10 m s- •, and an annual cycle in 
the v component was not apparent at any of the VACM levels. 

At nominal depths of 15, 47.5, and 77.5 m, the annual tem- 
perature amplitudes at 110øW were about 1.9 ø, 1.1 ø, and 
0.8øC, respectively. Below 100 m the amplitude was less than 
0.5øC. Above 50 m the highest temperatures were found in 
April and May, and the coldest water appeared 6 months 
later. In Figure 5b there is a suggestion that the time of maxi- 
mum temperature occurred earlier at 15 m than at 47.5 m; this 
feature will be examined using October 1983 to September 
1985 data from 110øW, 124ø30'W, and 140øW, where there 
were additional temperature recorders. 

At 110øW the upper ocean zonal currents contained a 
strong annual cycle. At nominal depths of 15, 25, and 47.5 m, 
the annual amplitudes were about 0.46 m s-•, 0.57 m s-•, and 
0.46 m s-•, respectively. The 20% larger amplitude at 25 m in 
comparison to those at 15 and 47.5 m was probably the result 
of a much shorter record (Figure 3a), indicating non- 
stationarity of the amplitude of the annual cycle. The annual 
amplitude was nearly uniform above 50 m but decreased rap- 
idly below this depth: at 77.5 m and 110 m the annual ampli- 
tudes were 0.26 m s- • and 0.10 m s-•, respectively. At 155 m 
(+ 5 m) the magnitude of the annual amplitude was less than 
0.05 m s-•. At 200 m the canonical year times series showed 

Suggestions%for%Additional%Research

Halpern%(1987)0°,%110°W 100%m

120%m

Super%El#Niño#Event%in
April%1982%– June%1983,%
when%maximum%ONI%SSTA%
was%2.1°C%in%Nov%1982,%Dec%
1982%and%Jan%1983

Only%3%super%El#Niño#
events%occurred%since%19501980%%%%%%%%%%1981%%%%%%%%%1982%%%%%%%%%%1983%%%%%%%%%%1984%%%%%%%%%1985


